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http://dx.doi.org/10.1016/j.anbehav.2013.01.004The elaborate design of animal signals is challenging to explain. In 1991, Guilford and Dawkins published
their iconic paper on ‘receiver psychology’ in Animal Behaviour (42, 1e14), and proposed that the ways in
which animals detect, discriminate and learn about relevant stimuli in their environment would have
a signiﬁcant inﬂuence on signal evolution. In this essay, I review the impact of this paper on the study of
animal communication, and in particular how highlighting the tactical design of animal signals has been
important in changing the way in which we think about and study animal signals. Although there has
been some recent criticism of receiver psychology, I think it continues to be a powerful approach that
generates exciting areas for future research.Reading Guilford & Dawkins’s (1991) paper, ‘Receiver psychol-
ogy and the evolution of animal signals’, quite simply changed my
life. This may sound rather unlikely, but let me explain. I ﬁrst read
the paper as a ﬁnal-year undergraduate student; I had become
hooked by the study of behaviour and particularly fascinated by the
evolution of animal signals. The paper was so totally different from
the other papers that I had been reading on animal communication
that it immediately captured my attention and interest. I was fas-
cinated by their ideas, and it became clear to me that I wanted to go
on to study the evolution of animal communication. Consequently,
at the end of my undergraduate degree, I went to do a Ph.D. with
Tim Guilford and Marian Dawkins. Reading this paper inspired my
ﬁrst career choice (had I known what that was back then), and the
paths that my research has subsequently followed.
But Guilford and Dawkins’s paper hasn’t just affected my own
research; it has had a signiﬁcant and lasting impact on howand Evolution, Institute of
Building, Framlington Place,
nimal Behaviour. Published by Elsresearchers study animal communication. When the paper was
published, the evolution of communication was a ‘hot topic’ in
animal behaviour, with discussions and debates predominantly
centred around two key questions. The ﬁrst was, quite simply: what
is a signal? To the uninitiated, deﬁning what a signal is might seem
to be a rather trivial matter. However, it was, and continues to be,
a major challenge for researchers: there is still no single agreed
deﬁnition, and deﬁnitions vary between researchers (e.g. Hauser
1996; Maynard Smith & Harper 2003; Searcy & Nowacki 2005).
Problems tend to revolve around the information content of a sig-
nal: for example, does the signal have a meaning to the receiver,
and what kind of information does it contain? While I’m not going
to dwell on these issues in depth, particularly given the continuing
discussions in the literature (Rendall et al. 2009; Carazo & Font
2010; Owren et al. 2010; Scarantino 2010; Scott-Phillips 2010;
Ruxton & Schaefer 2011), it’s important to realize that this was also
a major point of discussion in the early nineties.
Other questions that were dominant in the literature at that time
were: are signals honest, and if so, what selection pressures main-
tain their honesty?While the answer to these questionsmight seem
pretty straightforward to modern students of animal behaviour,evier Ltd. Open access under CC BY-NC-ND license. 
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was only just starting to become widely accepted, with the publi-
cation of Grafen’s (1990) model in the previous year demonstrating
that a signal’s reliability could be stabilized through its cost to the
signaller. Now, it is perhaps hard to imagine a time when the
handicap principle was not an accepted model for studying animal
communication and sexual selection, but when Guilford and Daw-
kins published their paper, data to support it were still lacking.
This period of deﬁning, debating and discussion was clearly
focused on how signals provided information to receivers and how
that information could be reliable. It was against this backdrop that
Guilford and Dawkins’s paper on receiver psychology was pub-
lished. They realized that the diversity of signals, the different types
of signals that animals produced, could not be readily explained by
only thinking about the information content of a signal. What they
described as an ‘extraordinary diversity’ of signal designs across
species had to be explained by other mechanisms. They proposed
that we could only fully understand signal design by knowing how
signals were perceived and processed by signal receivers. They
coined the phrase ‘receiver psychology’ to encompass the cognitive
mechanisms in signal receivers that process incoming information
and could potentially inﬂuence signal evolution. In doing so, they
not only identiﬁed an alternative set of selection pressures that
could signiﬁcantly inﬂuence signal evolution, they also provided
a new terminology and framework to study the different selection
pressures acting on animal signals.INTRODUCING STRATEGIC AND TACTICAL DESIGN
For the ﬁrst time, Guilford and Dawkins made a clear distinction
between selection pressures acting on the content of the signal,
which they called the ‘strategic design’, and those acting on the
efﬁcacy of the signal, which they called the ‘tactical design’. The
strategic design was deﬁned as being how natural selection acted
on a signal in order that information was provided to a receiver. In
contrast, the tactical designwas how the signal was designed to get
the information across to the receiver; this is often referred to as
‘signal efﬁcacy’ (e.g. Hebets & Papaj 2005). We can think about
these two different aspects of signal design as being ‘what a signal
is designed to do’ and ‘how a signal is designed to do it’. As Guilford
and Dawkins pointed out, arguments about the strategic design
dominated the study of animal communication; the tactical design
of animal signals had been much neglected.
The clariﬁcation that both strategic and tactical design existed in
animal signals should not be underestimated. Prior to the publi-
cation of this paper, what we would now call strategic and tactical
design had been pretty much viewed in isolation from one another.
While research on the strategic design was focused on big evolu-
tionary questions about the functional aspects of signals, studies of
signal efﬁcacy predominantly considered signal detectability,
where the effects of the physics of the environment or the neural
circuits of receivers could be measured. For example, birdsong was
shown to be well adapted to its environment: features such as
narrow frequency range (e.g. great tits, Parus major: Hunter & Krebs
1979) and slower repetition of elements (e.g. rufous-collared
sparrows, Zonotrichia capensis: Nottebohm 1975) enhanced the
successful transmission of song in dense habitat by reducing
attenuation and degradation (Wiley & Richards 1978). Signals were
also known to be well tuned to the sensory systems of their re-
ceivers, such as the visual waving displays of the male water mite,
Neumania papillator; the displays stimulate females’ visual systems,
which are designed to detect and capture prey (Proctor 1991).
Studies of strategic and tactical design were thus focused on
questions that were not readily integrated, with detectabilitysometimes even being seen as a constraint rather than a selection
pressure acting on signals (Krebs & Davies 1987).
Guilford and Dawkins’s explicit classiﬁcation of strategic and
tactical design in the evolution of animal signals provided a way to
integrate these two approaches in a clear framework. Detectability
could now be seen in the broader context of the many cognitive
mechanisms that could be important for signal evolution. Deﬁned
as being ‘how easily a signal could be perceived as distinct from its
background’, detectability was just the ﬁrst stage of signal pro-
cessing by receivers. Tactical design was not just about how ani-
mals’ sensory systems detected stimuli, but also how they
processed information in order to make a decision about how to
respond and behave. Detectability therefore joined a family of se-
lection pressures that Guilford and Dawkins argued could have
a signiﬁcant effect on signal evolution in conjunctionwith selection
for signal reliability. ‘Receiver psychology’ was the term that they
introduced to capture neatly this category of selection pressures,
and Guilford and Dawkins argued that the ways in which receivers
detect, discriminate, learn and remember signals are all important
selection pressures in signal evolution.
Their distinction between strategic design and signal efﬁcacy
enabled different selection pressures to be identiﬁed and studied.
Nowhere is this more evident than in the study of multicomponent
signals. Multicomponent signals are those that contain more than
one component in at least one sensory modality (signals given in
multiple sensory modalities are often referred to as ‘multimodal’;
Partan & Marler 1999; Rowe 1999). Multicomponent signalling is
commonly found across the animal kingdom; for example, a survey
of 73 bird species compiled from Stokes Nature Guides revealed that
92% of bird species had at least one display that contained two or
more components in different sensory modalities (Hebets & Papaj
2005). However, when Guilford and Dawkins’s paper was pub-
lished, hardly anyone was asking the obvious question: why are so
many animal signals multicomponent?
Guilford and Dawkins not only asked the all-important question
but showed how receiver psychology provided an answer: multiple
components could enhance the efﬁcacy of a signal. They were
particularly interested in the extreme situation in which an addi-
tional component in a signal display might not have any informa-
tive value to the receiver but could enhance the detectability,
discriminability or memorability of another signal component that
provided information and to which the receiver predominantly
responded. Multicomponent signals are a perfect study system for
investigating the interaction between strategic design and signal
efﬁcacy because it is possible to identify components that could
have evolved under different selection pressures. This is perhaps
best demonstrated in a system that I know well: aposematic
signalling.
For more than a century, the widespread multicomponent na-
ture of warning displays has been recorded by naturalists, with
many aposematic prey combining conspicuous warning coloration
with other display components, most notably the production of
odours or sounds upon attack (e.g. Carpenter 1938; Rothschild
1961; Blest 1964; Eisner et al. 1974; C. Rowe & C. G. Halpin, un-
published data). Since visually hunting predators readily avoid
aposematic prey on the basis of their warning coloration (e.g.
Brower 1960; Gittleman & Harvey 1980), what could the function of
these sounds and odours be?
One idea was that the sounds and odours could enhance pred-
ators’ abilities to learn to associate the warning coloration with the
prey’s defences (Claridge 1974; Rothschild et al. 1984). Therefore,
while the warning coloration would play a clear strategic role of
warning the predator of the prey’s toxicity, the sounds and odours
would have a purely tactical function. This can be easily tested,
since it is possible to control and manipulate components of
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Figure 1. The number of empirical papers citing Guilford & Dawkins (1991) that have
investigated the detectability, the discriminability and the memorability of signals in
different signalling systems. Dark grey shading: mate choice; light grey shading:
predator avoidance; white: other systems.
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experiments have been able to show that odours and sounds can
increase the speed with which predators learn to avoid apose-
matically coloured prey and enhance prey survival (Rowe 2002;
Siddall &Marples 2008; but see also Hauglund et al. 2006; Siddall &
Marples 2011a, b for studies that have been unable to detect this
effect). Therefore, as Guilford and Dawkins predicted, we can
identify not only strategic components in animal displays but also
components that can perform a tactical function, and measure how
they enhance receivers’ responses to a strategic component (e.g.
Brooks 1996; Rowe & Guilford 1996; Hebets 2005).
In the context of multicomponent signals, the distinction be-
tween strategic and tactical design has been pivotal in providing
a framework in which to study the evolution of different compo-
nents and the interactions between them (Hebets & Papaj 2005). It
has also been crucial for promoting a broader appreciation of the
range of selection pressures simultaneously acting on signals, and
particularly how receivers can not only inﬂuence the strategic
component, but select for efﬁcacy too.
HIGHLIGHTING THE ROLE OF DISCRIMINABILITY AND
MEMORABILITY IN SIGNAL EVOLUTION
Guilford and Dawkins made it clear that they were not just
interested in raising the proﬁle of cognitive processes in signal
evolution, but they speciﬁcally wanted to encourage research into
how receivers discriminated between signals and learned about
them. They acknowledged that detectability was fairly well studied
in the context of animal signalling (e.g. Endler 1992, 1993); how-
ever, how signals might be designed to be discriminable and
memorable to receivers had received much less attention. Before
discussing whether or not they were successful in achieving this
goal, it is perhaps useful to describe what exactly Guilford and
Dawkins meant by these two terms.
Discrimination involves the recognition and classiﬁcation of
signals. Therefore, signals should be selected to be distinct in the
behavioural repertoire of the signaller; for example, signals of
aggression should not be easily confused with those for initiating
play ﬁghting (Pellis & Pellis 1996). In addition, the level of the signal
should also be distinguishable in order for a receiver to respond
appropriately: if different levels of a signal that correlate with
a quality of interest could not be discriminated by receivers, a signal
would quickly lose its value and be selected against. Discrimina-
bility is therefore how well a signal can be recognized from other
stimuli and signals in a receiver’s environment, and is clearly
important if a signal is to be effective.
The memorability of a signal is how it is designed to capitalize
on the ways in which receivers learn about their environment, and
retrieve and use acquired information in their decision making. For
example, a warning signal of a distasteful prey species is avoided
more quickly over repeated encounters if it is conspicuous rather
than cryptic (Gittleman & Harvey 1980). This is because the con-
spicuousness is a more salient cue for an animal to learn: it is easier
for predators to learn to associate a conspicuous warning signal
with toxicity compared to cryptic coloration, and the faster
a predator learns to avoid a warning signal, the fewer individual
prey will be killed during the predator education process. Learning
and memory have been integral to the study of aposematic sig-
nalling and mimicry, where prey species in the same environment
share the same warning signal (e.g. Gittleman & Harvey 1980;
Speed 1993; Alatalo & Mappes 1996; Rowe et al. 2004; Skelhorn &
Rowe 2006; Rowland et al. 2007, 2010). However, although the role
of memorability is perhaps most obvious in this signalling system,
there is no reason that memorability would not be important in
others. For example, a female assessing the sexual displays ofseveral males needs to remember the signals and the positions of
the males in order to choose her mate and return to her most
preferred partner. As Guilford and Dawkins pointed out, wherever
learning is involved in communication, memory will be important
too.
It is therefore interesting to try to assess whether or not there is
now an increased interest in how discriminability and memo-
rability shape animal signals. I admit that there is no easy and
sureﬁre way of measuring this. However, it is possible to look at the
empirical studies that have cited Guilford & Dawkins (1991) to see
whether or not detectability is still the most studied component of
receiver psychology. From the 358 papers that had cited the paper
(from the Web of Knowledge on 31 October 2012), I identiﬁed 219
empirical studies (excluding reviews, commentaries, theoretical
models and abstracts). Using the abstracts of these papers, I readily
identiﬁed 141 studies investigating the detectability, discrimina-
bility or memorability of signals. Empirical papers that could not be
assigned to one of these categories were either not on animal
communication (19 papers), focused on the strategic (34 papers),
tested techniques to measure signals (ﬁve papers) or impossible to
classify from the abstract alone (20 papers). Consequently, these
were not included in my analysis. There were two main signalling
systems that dominated the empirical work: sexually selected sig-
nals and antipredator displays. I therefore subdivided the empirical
papers into those on mate choice, predator avoidance and other
signalling systems (including chick begging calls to parents, status
signalling and individual recognition). This enabled me to see
whether particular signalling systems dominate research in partic-
ular aspects of receiver psychology.
This analysis reveals a couple of interesting things. First, if the
total number of citations of Guilford & Dawkins (1991) reﬂects the
degree of research effort in receiver psychology, then it seems that
detectability is still the most studied component of receiver psy-
chology, followed by discriminability and then memorability (see
Fig. 1). This could mean that Guilford and Dawkins were unsuc-
cessful in shifting the focus of research on the tactical design of
signals from detectability towards discriminability and memo-
rability. However, since there is no benchmark for comparison, that
is, no measure of the research effort prior to the publication of their
paper, it is impossible to conclude this. An alternative inter-
pretation is that the research interest in discriminability and
memorability has increased, but just not to the same level as that of
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most studied component of receiver psychology.
The fact that there are fewer than half the number of papers on
memorability than on detectability (see Fig. 1) could simply be
caused by the logistics of carrying out experiments on learning and
memory, which typically take longer than those on detection.
Measuring the detectability of a signal can involve just a single
presentation and measurement of a receiver’s behaviour, but ex-
periments measuring learning rates or retention times involve
many repeated presentations and behavioural measurements,
usually over many days or even weeks or months (e.g. Rowe 2002;
ten Cate et al. 2006; Verzijden & Rosenthal 2011). Alternatively, it
may be that some signalling systems have not fully embraced the
receiver psychology approach or terminology. While sexually
selected traits dominate studies of detectability and discrimina-
bility, only ﬁve of 30 empirical studies on memorability are on
signals involved in mate choice. Studies of memorability are pre-
dominantly focused on signals used in predator avoidance, with 19
papers speciﬁcally looking at the enhanced efﬁcacy of defensive
coloration against foraging predators. This pattern could be
explained by the traditions of each signalling system: interest in the
strategic design dominates studies of mate choice signals while it is
the tactical design that preoccupies researchers in defensive sig-
nalling. This couldmake it difﬁcult for researchers working onmate
choice to readily adopt the approaches and terminology that are
widely used in experimental psychology, which is perhaps reﬂected
by their preference for using terms such as ‘prior experience’ rather
than learning ormemory (e.g. Bierbach et al. 2011; Rebar et al. 2011).
This take-up is perhaps disappointing since Guilford and Dawkins
went out of their way to highlight how learning and memory could
be important for the evolution of sexually selected traits.
However, having said that, my disappointment is easily over-
come since one paper citing Guilford & Dawkins (1991) supports
their novel idea that sexually selected signals could become exag-
gerated through the process of ‘peak shift’ (ten Cate et al. 2006).
This idea is particularly exciting because it provides a way in which
mechanisms of learning and memory can lead to more extreme
signals without necessarily invoking selection for increasing signal
cost and reliability (see also Guilford & Dawkins 1993; Weary et al.
1993). Peak shift is a phenomenon that occurs when an animal is
trained to discriminate between two stimuli, one that is associated
with positive reinforcement (Sþ) and one that is associated with
negative reinforcement (S), and that differ along a perceptual
stimulus dimension, such as hue or frequency (Purtle 1973;
Ghirlanda & Enquist 2003). An animal can easily learn the dis-
crimination between the two stimuli, and showa preference for the
Sþ stimulus and an avoidance of the S stimulus. If the animal is
then given novel stimuli that vary along the same stimulus
dimension as the training stimuli, it will show its strongest pref-
erence for stimuli that are shifted away from the Sþ in the direction
that is away from the S. This shift in peak preference is what could
allow more exaggerated signals to evolve, even in a mate choice
situation (Lynne et al. 2005; ten Cate & Rowe 2007).
The evidence to support this idea comes from an experiment
with zebra ﬁnches, Taeniopygia guttata, a model species for the
study of sexual imprinting (e.g. Vos 1995; Bischof & Rollenhagen
1999). As adults, males and females are sexually dimorphic, dif-
fering in both plumage and beak coloration. Chicks in the nest
being provisioned by their parents can learn about the morphology
of their mothers and fathers, and use that information in later life to
select amate and to avoid courting and attempting tomatewith the
wrong sex. This learning process could allow birds to show
a greater preference for mates that have traits that exaggerate the
difference between their father and their mother. ten Cate et al.
(2006) manipulated the beak colour of white zebra ﬁnch parentsusing nail varnish so that the father had a reddish beak and the
mother had an orange beak, or vice versa. Therefore, the only dis-
tinguishing feature of sex that the chicks could learn about was
beak coloration. When the chicks reached adulthood and were
allowed to choose a mate, males showed a peak-shifted preference
for more yellow beaks (if their mother had had an orange beak) or
more red beaks (if their mother had had an orange-red beak).
Although peak shift has also now been shown to select for song
structure in birds both in the laboratory (Verzijden et al. 2007) and
in the ﬁeld (Grant & Grant 2010), it may be restricted to those
species in which sexual imprinting occurs. While sexual imprinting
has been found in more than 100 species of birds, there are fewer
examples in other groups of vertebrates (Verzijden et al. 2012).
However, there is increasing recognition that sexual imprinting and
other forms of learning about potential mates can have a signiﬁcant
impact on sexual selection and speciation (ten Cate & Rowe 2007;
Svensson et al. 2010; Kozak et al. 2011; Verzijden et al. 2012). It is
perhaps just a matter of time before we see more studies on how
sexually selected traits may have evolved in response to how easy it
is for receivers to learn and remember them. Guilford and Dawkins
certainly suggested a host of different ways in which males of any
species could make their signals more memorable to females, for
example, by having high-contrast colours or novel aspects to their
display. These ideas are difﬁcult to test in a mate choice situation
because any manipulation of traits could also affect the female
preference itself. However, perhaps multicomponent signals pro-
vide an opportunity to explore this, where some components of
a male’s complexmating display could enhance a female’s ability to
learn about a male’s quality or location. To my knowledge, no-one
has tested this idea of ‘potentiating displays’, and it still remains
a possibility that learning and memory could help to explain the
complexity of sexually selected traits.
CAN RECEIVER PSYCHOLOGY EXPLAIN THE DIVERSITY OF
ANIMAL SIGNALS?
Another question that I think is important to consider is
whether highlighting the role of receiver psychology in signal
evolution has helped us to understand the diversity of animal sig-
nals. At the end of their paper, Guilford and Dawkins write:
However much we understand the strategic component of signal
design, we will never explain why signals are the way they are and
why they differ so greatly from species to species until we have
a clearer idea of how they have their effects. Animals are ‘Nature’s
psychologists’. We must be too.
(Guilford & Dawkins 1991, page 10)
Their aim was not just to promote the study of receiver psy-
chology in signal evolution, but to use it as a way to explain the
diversity of animal signals.
It is certainly possible to identify psychological processes that
promote signal diversity. Peak shift is a good example of this: dis-
crimination learning exaggerates the expression of existing traits,
and could lead to differences in signal design both within and be-
tween species (ten Cate et al. 2006; ten Cate & Rowe 2007; Grant &
Grant 2010). Sensory biases in receivers are another good example.
Here, latent preferences in receivers can select for certain types of
signals or signal components to be expressed in signallers. Of
course, the classic example is the mating call of male Túngara frogs,
Physalaemus pustulosus, where the ‘chuck’ component of the mat-
ing call appears to have evolved in response to females’ preferences
for certain acoustic stimuli (Ryan et al. 1990). There is now abun-
dant evidence for sensory biases to select for sexually selected
traits, not only for acoustic stimuli, but also for visual traits (e.g. the
C. Rowe / Animal Behaviour 85 (2013) 517e523 521red coloration of three-spined sticklebacks, Gasterosteus aculeatus;
Smith et al. 2004) and mechanosensory signals (e.g. the vibratory
signals in the water mite N. papillator; Proctor 1991). Where var-
iation exists in the biases that receivers have, whether across dif-
ferent populations or species, sensory biases can potentially drive
signal diversity.
There is also good evidence that environmental variability can
affect receivers’ preferences for different types of signal (e.g.
Seehausen et al. 2008; Tobias et al. 2010). ‘Sensory drive’ is the term
coined to describe the process by which the adaptation of a signal
to local signalling conditions can lead to diversiﬁcation in signalling
behaviour (Endler 1992, 1993). The most recent example of this has
shown that the preferences of female swordtail characin, Cor-
ynopoma riisei, for ‘ant-shaped’ male mating lures closely matches
the amount of ants females have naturally occurring in their diet
(Kolm et al. 2012). Intriguingly, naïve female ﬁsh that have been fed
ants show a stronger preference for male lures that are ant-shaped
than those that were fed other foods (Kolm et al. 2012). This sug-
gests that preferences that drive signal evolution do not have to be
unlearned preferences based on sensory tuning for enhancing ﬁt-
ness in other contexts, but can be acquired through experience and
learning. The role of cognitive biases has received much less
attention than sensory biases in driving signal evolution of sig-
nalling (ten Cate & Rowe 2007; Verzijden & Rosenthal 2011), but it
too is likely to be important in the diversiﬁcation of animal signals.
Hopefully, over the next 20 years, there will be more emphasis on
understanding how cognitive processes, and particularly learning
and memory, promote signal diversity.
WHAT IS THE FUTURE OF RECEIVER PSYCHOLOGY?
There is no doubt that receiver psychology continues to be
widely used in the study of animal signals: a quick look at the
citation rate of Guilford & Dawkins (1991) shows that the number of
citations per year has recently increased, with at least 20 citations
per year in the last 6 years (see Fig. 2). One possible reason for the
increasing number of citations for the paper is an increased interest
in the study of multicomponent signals (Fig. 2). Guilford and
Dawkins highlighted how multiple components could interact to
enhance the efﬁcacy of the signal and provide an important system
for testing the role of receiver psychology in signal design (see also
Rowe 1999). In fact, they offer the only type of signalling system in
which we can readily identify components that have evolved to30
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Figure 2. The total number of papers citing Guilford & Dawkins (1991) each year from
1992 to 2012, highlighting the number of papers on multicomponent signalling (grey
shaded area).enhance signal efﬁcacy independently of strategic design (e.g.
Rowe 2002). The study of multicomponent signals has certainly
beneﬁted from the receiver psychology approach (Miller & Bee
2012), and continues to be one of the main study systems for
investigating the effect of the interaction between different selec-
tion pressures on signal design (Hebets 2011). Understanding the
interaction between strategic and tactical design using multi-
component signals will no doubt continue to be one of the main
areas for understanding the role of receiver psychology in signal
evolution.
Despite receiver psychology having a strong and secure foothold
in the study of signalling behaviour, a recent paper has challenged
the approach as being too restrictive. Miller & Bee (2012) have
suggested that deﬁning receiver psychology simply as being the
cognitive mechanisms of receivers selecting for increased detect-
ability, discriminability and memorability of signals ignores some
important perceptual and cognitive mechanisms that cannot be
readily captured by this terminology, and that receiver psychology
should be broadened in order to accommodate them. Take, for
example, the process of ‘feature binding’, which allows features of an
object to be bound together in a single percept and is an important
aspect of object recognition. Miller & Bee (2012) argue that it
cannot be classiﬁed as a mechanism speciﬁcally involved in either
detection or discrimination, and yet could be an important feature
of a receiver’s psychological landscape that affects signal evolution.
For me, I suppose there are two ways of looking at this. The ﬁrst
is that from a purely mechanistic and psychological perspective,
feature binding may not ﬁt well into deﬁnitions of detectability and
discriminability. However, from a functional perspective, it will be
a process that is involved in how animals select for signals that are
easier to detect and discriminate. If a receiver is unable to bind the
features of a signal together to see it as a single percept, then it is
unlikely to be detected or discriminated as a useful signal. There-
fore, the problem is simply that it does not ﬁt neatly into the def-
initions of detectability and discriminability outlined in the paper.
This does not seem to be too much of an issue since these per-
ceptual processes certainly contribute to the psychological land-
scape of the receiver that is acting on signal design. It may be that
Guilford and Dawkins’s deﬁnitions can be broadened to encompass
perceptual processes better. For example, perhaps detectability
could become ‘how easily a signal can be perceived and detected
against a background’. Such changes would appear to be a fairly
minor tweak to the general approach.
However, Miller & Bee (2012) also allude to another important
aspect of receiver psychology that probably needs more urgent
consideration in the future, and that is how much variability in
sensory and cognitive processes exists across individuals and spe-
cies, and how important that variation is in explaining the evolu-
tion and diversity of signals (Ronald et al. 2012). This variability is
implicit in the idea of how receiver psychology promotes signal
diversity, and yet there are still relatively few studies that show
howvariation in receivers’ perceptual and cognitive processes drive
signal evolution (e.g. Seehausen et al. 2008; Tobias et al. 2010;
Verzijden & Rosenthal 2011; Kolm et al. 2012). In addition, these
studies focus on sexually selected signals and correlate differences
in female preferences with the expression of male traits across
species. This means that the speciﬁc mechanism underlying the
expression of the preference is unknown. Miller & Bee (2012) tend
towards an alternative approach, where we look for differences in
cognitive processes across species and then use that to explain
signal diversity. They suggest some candidate processes that are
known to vary across species, including feature binding (Miller &
Bee 2012). Collecting this kind of data would certainly be no
mean feat, but it may mean that it is ﬁnally possible to see how
speciﬁc cognitive processes drive the evolution of signal diversity,
C. Rowe / Animal Behaviour 85 (2013) 517e523522and perhaps make clear predictions about signal design in other
species.
This leads me to my ﬁnal thought on where the next 20 years of
research into receiver psychology might lead us. One thing that
really struck me re-reading Guilford & Dawkins (1991) was how
receiver psychology was predicted to affect signal design, but there
was no consideration of how signal production itself could select
for sensory or cognitive abilities in receivers (see also Rowe 1999).
This directionality underpins the receiver psychology approach:
selection on sensory or cognitive processes arises from the need to
perform a range of ﬁtness-enhancing behaviours, including ﬁnding
food, avoiding predators and navigating the environment, and not
just those associated with signal processing. Guilford and Dawkins
describe the psychological landscape of receivers as being ‘every-
thing about the brain of the receiver animal that might affect its
response to a signal’ (page 2). Quite clearly, receiver psychology is
how those cognitive processes that are designed to process infor-
mation across a range of different situations affect the evolution of
signals. Of course, some cognitive processes may be highly con-
served, such as associative learning that is found across animal
species (Pearce 1997). But surely even these processes can at least
be tweaked by natural selection? For example, although birds can
learn to associate conspicuous and cryptic coloration with unpal-
atable prey, they are faster to avoid prey that are conspicuously
coloured compared to cryptic (Gittleman & Harvey 1980). While
this could be the result of a general principle that animals ﬁnd
contrasting stimuli more salient than background-matching ones, it
could also be the result of biases that have evolved to predispose
avian predators to make this association more easily because the
conspicuous prey that they encounter are more likely to contain
toxins (Guilford 1994; Rowe & Guilford 2001). Whether receivers
do evolve sensory and cognitive biases to help them respond more
efﬁciently to different signals is still an open question, and a fasci-
nating one. Future research in receiver psychology could certainly
develop this broader approach to consider the coevolutionary
processes between signaller and receiver.
FINAL COMMENTS
I enjoyed re-reading this paper as much as I enjoyed reading it
the ﬁrst time as an undergraduate, although admittedly, I don’t
think it will change my life for a second time. I had forgotten how
brilliantly written it was and how it brimmed with ideas and novel
perspectives in the evolution of animal signals, some of which are
still tantalizingly waiting to be tested. Being able to look back on
this paper’s achievements and contributions has made me realize
how inﬂuential it has been, not just in my ownwork and career but
for the ﬁeld as a whole. It richly deserves to be celebrated by the
journal, and will no doubt continue to inspire us to become ‘Na-
ture’s psychologists’ in our pursuit to understand the evolution and
diversity of animal signals.
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